The six plasmid species of Zymomonas mobilis ATCC 10988 were isolated, separated and purified. Evidence is presented that the 1.6 kb (pZMO1) and 1.9 kb (pZM02) species can co-migrate on agarose gels, contain single sites for BglII and HindIII, or EcaRI and EcoRV respectively, and are related at the nucleotide level. The 16.7 kb species (pZMO5) appears to be a tetramer and is partially homologous with pZMO1 and pZM02. The 2.7 kb species (pZM03) has a single SphI site and does not show sequence homology with pZMOl or pZM02. Structural features of the 7.3 kb (pZM04) and 31.3 kb (pZM06) molecules are discussed.
1.6, 1.9, 2.7, 7.3, 16.7, 31.8 * AGE, agarose gel electrophoresis; EM, electron microscopy. t Total size of unidentified plasmids.
$ The size of the 1.95 and 2.85 kb species was also analysed by EM.
0 The rest of the plasmid species of strain ATCC 10988 were not considered in this publication.
Tris base, 55 g boric acid, 40 ml EDTA pH 8 1-l). The separated plasmid bands were stained with ethidium bromide and visualized by UV irradiation (Fig. 1 ); they were then cut out of the gel and plasmid DNA was isolated by electroelution (Maniatis et al., 1982) . Plasmid DNA samples were desalted through DEAE-Sephacel (Maniatis et ul., 1982) before being subjected to restriction endonuclease analysis. Recombinant DNA procedures. Enzyme digestions and ligations were done by standard methods (Maniatis et al., 1982) . Plasmid pBR325 (Bolivar, 1979) was selected as the cloning vector because it contains three antibiotic resistance markers, two of which are expressed in 2. mobilis, and the recombinant plasmids may therefore be used as potential shuttle vectors for 2. mobilis (Afendra & Drainas, 1987) . Recombinant plasmids (ligates of linearized pBR325 and pZMOl or pZM02) were isolated by direct transformation of E. coli as described by Cohen et al. (1972) . The recombinant plasmids were purified by CsCl buoyant density gradient ultracentrifugation (Maniatis et al., 1982) . pZMO1 and pZM02 DNA probes were isolated after complete digestion of the recombinant plasmids with the appropriate endonuclease, agarose gel electrophoresis, electroelution and desalting as described above. The enzymes BamHI, BgfII, EcoRI, EcoRV, HaeII, HincII, HindIII, HpaI, KpnI, NcoI, PstI, PuuII, Sun, Suu3A, SmaI, SphI, SstI, XbaI and XhoI were used for the restriction endonuclease analysis. A BRL nicktranslation kit was used to label the pZMOl and pZM02 DNA probes with 32P. For this purpose, 50pCi (1.85 MBq) 32P dATP was used in the reaction mixture to give an incorporation of 45%.
Southern blot hybridizations. Nylon filters (Amersham, N Bond) were used for blotting. The DNA was fixed on the filters by UV irradiation according to the manufacturer's instructions. For all the other steps, the procedure described by Maniatis et al. (1982) was essentially used. For high-stringency conditions the filters were incubated with the radioactive probe at 68 "C and washing was done at 58 "C in 0.1 x SSC + 0.005 % SDS; for low-stringency conditions the filters were incubated with the radioactive probe at 40 "C and washing was done at 30 "C in 1 x SSC + 0.05% SDS (1 X SSC is 0.15 M-NaC1, 0.015 M-trisodium citrate, pH 7.0).
R E S U L T S

Plasmids pZMOI and pZMO2
Restriction analysis of plasmid DNA isolated from the band which corresponded to the smallest plasmid species, (Fig. 1, band a) , showed partial digestion products with BglII, EcoRI, EcoRV, PvuII, EcoRI + EcoRV, EcoRI + PuuII, EcoRV + PvuII and EcoRI + EcoRV + PvuII, although conditions favourable for complete digestion were used (Fig. 2) . In contrast, complete digestion was obtained with double restrictions using BglII + EcoRI, BglII + EcoRV and BgZII + PvuII (Fig. 2) . The restriction pattern obtained suggested that band a contained at least two different plasmid species with different unique restriction sites.
The linear BgIII and EcoRI restriction fragments were ligated into the BamHI and EcoRI sites respectively of the plasmid vector pBR325, and these ligates were used to transform E. coli RR1. Recombinant plasmids were isolated from ApR CmR TcS and ApR TcR CmS transformants and were named pDS191 and pDS212 respectively. The sizes of the restriction fragments produced by single and double digests of the recombinant molecules were analysed by agarose and polyacrylamide gel electrophoresis ( Table 2 ). The inserted fragments were 1.6 kb and 1.9 kb in size, corresponding to plasmids pZMO 1 and pZMO2 respectively. Three recombinant plasmids from three different transformant isolates were analysed in each case and the results were the same as those shown in Table 2 . These results support the view that, in our hands, band a 1, BglII + PuuII; 2, BglII + EcoRV; 3, BglII +EcoRI; 4, BglII; 5, PvuII; 6, EcoRI + EcoRV; 7, EcoRV; 8, EcoRI; 9, band a not digested; 10, A DNA digested with HindIII. The result of all the other restriction endonucleases was identical to that shown in lane 9. contains both pZMO1 and pZM02 plasmid species. It is also shown that pZMOl contains single sites for BglII and HindIII, while pZM02 contains single sites for EcoRI and EcoRV, and two sites for PuuII. Furthermore, it was found that both pZMO1 and pZMO2 contain four Sau3A sites. Restriction maps of pZMO1 and pZM02 compiled by analysis of the restriction fragments obtained by double and triple digests, are shown in Fig. 3 . Sau3A restriction fragments of similar size were observed in the two plasmids (Fig. 3) , indicating that their Sau3A restriction maps (but not those of the other restriction endonucleases) have possible homologies. It is worth noting that although pZMOl has a single site for HindIII, this enzyme did not digest the DNA extracted and purified from band a (Fig. 2) , perhaps because of methylation of the HindIII site of the pZMOl DNA in Z. mobilis cells.
Plasm id pZM0 3
Restriction analysis of band b (Fig. 1) showed complete digestion only with SphI (one linear fragment, Fig. 4) . The faint bands in Fig. 4 correspond to undigested forms of this plasmid.
Sau3A, although used under complete digestion assay conditions, and obtained from two different companies (Amersham and BRL), gave only partial digests (Fig. 4) . The linearized fragment had a size of 2.7 kb, and it was therefore concluded that this band corresponded to plasmid pZM03. The restriction map of pZM03 (Fig. 3) was constructed from the analysis of all the restriction fragments produced by single digestions with Sau3A and double digestions with SphI + Sau3A (Fig. 4) .
Plasmid pZMO.5 The restriction fragment pattern of band d l (Fig. 1 ) was identical to that of band d2 and showed complete digestion with BgiII, EcoRI, PouII, HincII and Sau3A (Fig. 5) . BgZII and EcoRI gave one linear fragment, PvuII and HincII gave two linear fragments, and Sau3A gave four linear fragments. The linear fragments of all digestions had a total size of 4.2 kb. Double and triple digestions with combinations of the above enzymes produced various linear fragments with a total size of 4.2 kb. These results indicate that pZMO5, which has been shown to exist in 2. mobilis ATCC 10988 as a covalently closed circle of 16.7 kb (Drainas et al., 1983) , is a tetrameric molecule consisting of a repeated unit of 4.2 kb. The restriction map of this plasmid, constructed from analysis of the restriction fragments produced by various double and triple digests (Fig. 5) , is presented in Fig. 3 . The monomer of pZMO5 shows some restriction site homologies with pZMOl and pZM02, as Sau3A restriction fragments of similar size were observed.
Piasmids pZMO4 and pZM06 Electron microscopic analysis has shown that Z. mobilis ATCC 10988 contains a 7.3 kb (pZM04) and a 31.8 kb (pZM06) plasmid species in addition to the plasmids described above (Drainas et al., 1983) . Bands c and e (Fig. 1) showed different restriction pattern on agarose gels compared to each other and to the restriction pattern of the other bands (Fig. 6) , and they are therefore probably represented mainly by the pZM04 and pZM06 species respectively. However, purification of plasmid DNA from band c through DEAE-Sephacel columns gave very low yields, so restriction analysis using the present procedure was not possible. Modified purification procedures are under investigation, which should increase the yield and help the restriction analysis of pZM04.
Plasmid pZM06 was purified with good yields from band e (Fig. 1) . Restriction analysis of bands el and e2 showed that these molecules are identical, containing several restriction sites for BglII, Sau3A, EcoRV, PstI, HindIII, NcoI, SalI and EcoRI (Fig. 6b) . The restriction map of plasmid pZM06 is under further investigation.
Southern blot hybridization analysis
The cloned BglII (pZMO1) and EcoRI (pZM02) fragments were isolated from pDS191 and pDS212 by double restriction with EcoRV + SalI and single restriction with EcoRI respectively. These fragments were used as 32P-labelled probes to study the structural relation between them and between plasmids pZM03, pZM04, pZMO5 and pZM06 by Southern blot hybridization analysis (Figs 7 and 8) . Neither probe hybridized to A DNA or P22 DNA. The pZMO1 probe hybridized weakly to pBR325 DNA because it carries small fragments of it. The pZM02 probe did Dot hybridize to pBR325 DNA. Both probes gave identical results after hybridization with plasmid DNA purified from 2. mobilis ATCC 10988 and therefore only the autoradiographs with the pZMO1 probe are presented in Figs 7 and 8. The pZMOl and pZM02 probes hybridized strongly to each other under either low-or high-stringency conditions. Both probes hybridized strongly to all the restriction fragments produced by Sau3A digests. These results parallel the similarities in Sau3A restriction sites and they indicate that pZMOl and pZM02 are largely homologous. Neither probe hybridized with plasmid DNA isolated from bands b, c and e under any conditions (hybridization to band c is not shown in Figs 7 and 8) . However, in agreement with the restriction analysis, hybridization with DNA from band d was detectable, although under low-stringency conditions only (Fig. 7) . A possible explanation could be that Analysis of Zymomonas mobilis plasmids 2553 pZM03/Sau3A; 6, pZM03/SphI; 7, pDSl91/SalI + EcoRV; 8, linear pZM02/Sau3A; 9, linear pZM02; 10, pDS212/EcoRI. Fig. 8 . Hybridization pattern of a 32P-labelled pZMOl probe to 2. mobilis plasmids under highstringency conditions. 1, band a/EcoRV; 2, band a/BglII; 3, pZM06/PsA; 4, pZM06 not digested; 5 , pZMO5IBglII; 6, pZMO5 not digested; 7, pZM03/Sau3AY 8, pZM03 not digested; 9, pDS191ISalI + EcoRV; 10, pDS212/EcoRI. pZMO1 and pZM02 have a common ancestor and one or other has arisen by a deletion or an insertion of a 300 bp DNA fragment. pZMO5 may be this common ancestor and is a product of polymerization. DNA sequence analysis will clarify this speculation. Hybridization of either probe with bands b and c from a total undigested plasmid preparation of 2. mobilis ATCC 10988 was also detectable (Fig. 9 ). This indicates that bands b and c of Fig. 1 are contaminated with pZMO1 and pZM02 species. Hybridization with band e of the total plasmid preparation was not detectable under any conditions.
DISCUSSION
The results on plasmid number and size described here correlate well with the sizes of the plasmids of Z . mobilis ATCC 10988 determined by electron microscopic analysis (Drainas et al., 1983) . Our results show that plasmids pZMO1 and pZM02 co-migrate on agarose gels under the conditions used, and that they have largely similar sequences, since (1) they share Sau3A restriction profiles, and (2) they hybridize strongly to each other under very stringent hybridization conditions. Plasmid pZMO5 possesses four repeat units, each of approximately 4.2 kb. This correlates well with a plasmid species (2-7 MDa; 'v 4-05 kb) that has been identified in the same strain by Tonomura et al. (1983) . Plasmid pZMO5 shows similarities to pZMOl and pZM02. Conversely, plasmids pZM03, pZM04 and pZM06 have very different restriction patterns, and are not related to pZMOl and pZM02. This would indicate that pZM03, pZM04 and pZM06 have different ancestral origins.
Our results show certain disagreements with other reports on the size (Table 1 ) and the restriction sites of the natural plasmids of 2. mobilis ATCC 10988 (Skotnicki et al., 1984; Misawa et al., 1985) . Two reasons may account for this: (1) different isolation methods have been used; (2) the natural plasmids of this strain have undergone genetic rearrangement.
There are indications that some plasmids like pZM04 are frequently unstable, due either to spontaneous loss or to recombination (A. Scordaki, M. A. Typas & C . Drainas, unpublished results) . Furthermore, E. coli cloning vectors and other broad-host-range plasmids are not stable in 2. mobilis; stability could be established by inserting in them a 2. mobilis plasmid (Afendra & Drainas, 1987) . Therefore, the present results may assist the construction of suitable cloning vectors and development of a transformation system for 2. mobilis. However, closer inspection of the structural features of the plasmid species of this strain is required, in order to isolate origins of replication and other important sequences which are possibly present in the natural plasmid molecules.
